Background: Recommendations regarding key aspects related to the diagnosis and pharmacological treatment of lymphangioleiomyomatosis (LAM) were recently published. We now provide additional recommendations regarding four specific questions related to the diagnosis of LAM and management of pneumothoraces in patients with LAM.
Overview
This guideline is the continuation of a prior lymphangioleiomyomatosis (LAM) guideline document developed by the American Thoracic Society (ATS) and the Japanese Respiratory Society (JRS) (1) . The current guideline collates the evidence for emerging advancements in LAM and then uses this evidence to formulate recommendations pertaining to the diagnosis and treatment of patients with LAM. The intent of the guideline is to empower clinicians to apply the recommendations in the context of the values and preferences of individual patients and to tailor their decisions to the clinical situation at hand. The guideline panel's recommendations (Table 1) ∘ Remarks: The advantage of transbronchial lung biopsy is that it offers a less-invasive method to obtain histopathological confirmation of LAM, as compared with surgical lung biopsy.
Although not proven, the panelists believed that the yield of transbronchial lung biopsy likely correlates with markers of parenchymal LAM burden (such as cyst profusion, abnormal diffusing capacity of the lung for carbon monoxide, abnormal FEV 1 ) and that appropriate patient selection is required to optimize the safety and efficacy of this diagnostic approach. Consultation with an expert center before undertaking transbronchial lung biopsy, combined with a critical review of the tissue specimens by a pathologist with expertise in LAM, can help avoid falsenegative test results and the need for a surgical lung biopsy. d We suggest that patients with LAM be offered ipsilateral pleurodesis after their initial pneumothorax rather than waiting for a recurrent pneumothorax before intervening with a pleural symphysis procedure (conditional recommendation, very low confidence in the estimated effects).
∘ Remarks: This approach is based on the high rate of recurrence of spontaneous pneumothoraces in patients with LAM. Nonetheless, the final decision to perform pleurodesis and the type of pleurodesis (chemical vs. surgical) Table 1 .
Summary of the Recommendations Provided in This Guideline
Context Recommendation
Strength of Recommendation

Confidence in Estimates of Effect
HRCT as sole confirmatory feature for LAM diagnosis
For patients who have cystic changes on HRCT of the chest that are characteristic of LAM, but have no additional confirmatory features of LAM (i.e., clinical, radiologic, or serologic), we suggest NOT using the HRCT features in isolation to make a clinical diagnosis of LAM.
Conditional Low
Transbronchial lung biopsy for histopathological diagnosis of LAM When a definitive diagnosis is required in patients who have parenchymal cysts on HRCT that are characteristic of LAM, but no additional confirmatory features of LAM (i.e., clinical, radiologic, or serologic), we suggest a diagnostic approach that includes transbronchial lung biopsy before a surgical lung biopsy.
Conditional Very low
Pleurodesis after a sentinel pneumothorax to prevent recurrence
We suggest that patients with LAM be offered ipsilateral pleurodesis after their initial pneumothorax rather than waiting for a recurrent pneumothorax before intervening with a pleural symphysis procedure.
Pleurodesis as a contraindication to future lung transplant
We suggest that previous unilateral or bilateral pleural procedures (i.e., pleurodesis or pleurectomy) NOT be considered a contraindication to lung transplantation in patients with LAM.
Definition of abbreviations: HRCT = high-resolution computed tomography; LAM = lymphangioleiomyomatosis. 
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Methods Committee Composition
The guideline development panel was cochaired by F.X.M and J.M. and consisted of clinicians and researchers with recognized expertise in LAM (1). A methodologist (K.C.W.) with expertise in the guideline development process and application of the Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) approach (2) was also a member of the panel. Patient perspectives were provided by the LAM Foundation (Table 2) .
Conflict-of-Interest Management
Guideline panelists disclosed all potential conflicts of interest according to ATS policies. All conflicts of interest were managed by the ATS conflict of interest and documents departments using the procedures described in the previous LAM guidelines (1) . All seven members of the writing group were free of conflicts for all questions related to this version of the guidelines.
Guideline Panel Meetings
Several face-to-face meetings, conference calls, and e-mail discussions were held between 2008 and 2017, during which the guideline development panel discussed the scope of the document, the questions to be addressed, the evidence, and the recommendations. The cosponsoring societies (the ATS and JRS) provided financial support for the meetings and conference calls, as well as travel expenses. Additional support for travel of panelists to meetings was provided by the not-for-profit LAM Foundation and LAM Treatment Alliance. The ATS, JRS, and Foundations had no influence on question selection, evidence synthesis, or recommendations.
Formulating Questions and Outcomes
Clinical questions were developed, circulated among the panelists, and rated according to clinical relevance. Patient-important outcomes were selected a priori for each question and categorized as critical, important, or not important (3) . Patient perspectives on the questions to be addressed were obtained via questionnaires distributed by the LAM Foundation.
Literature Search and Study Selection
A detailed description of the search strategy was provided in the recently published LAM guidelines (1). All literature searches were performed by a librarian from the National Institute of Health (K.S.), using four 
Evidence Synthesis
The body of evidence for each question was summarized in collaboration with one of the methodologists (K.C.W.). When possible, data were pooled to derive single estimates. When this was not possible, the range of results was reported. The quality of the body of evidence was rated using the GRADE approach (Table 2 ) (4), as described previously (1).
Development of Recommendations
The guideline development panel formulated recommendations on the basis of the evidence synthesis, as described previously (1) . Recommendations were formulated by discussion and consensus; none of the recommendations required voting. The final recommendations were reviewed and approved by all members of the entire panel.
The recommendations were rated as strong or conditional in accordance with the GRADE approach. The words "we recommend" indicate that the recommendation is strong, whereas the words "we suggest" indicate that the recommendation is conditional. Table 3 describes the interpretation of strong and conditional recommendations by patients, clinicians, and health care policy makers.
Manuscript Preparation
The writing group (C.S., F.X.M., G.A.F., J.M., K.C.W., N.G., and R.M.K.) drafted the final guideline document. The manuscript was then reviewed by the entire guideline development panel, and their feedback was incorporated into the final draft. All members of the panel have reviewed the final version of the document and approve of the document in its entirety.
Questions and Recommendations Question 1
Should patients be clinically diagnosed with LAM on the basis of their HRCT findings alone if they have cystic changes in the lung parenchyma that are characteristic of LAM but have no additional confirmatory characteristics of LAM (i.e., clinical, radiologic, or serologic)?
Background. The advent of HRCT of the chest has transformed the field of diffuse cystic lung diseases. A critical review of HRCT features can often reveal patterns that are diagnostic in a significant proportion of patients with diffuse cystic lung diseases. The characteristic HRCT pattern of LAM is defined as the presence of multiple, bilateral, uniform, round, thin-walled cysts present in a diffuse distribution. It has been suggested that the diagnosis of LAM can be established with a fair degree of certainty on the basis of the presence of characteristic HRCT features alone (5) . However, the rationale for pursuing a definite diagnosis has been strengthened of late. A recent randomized controlled trial demonstrated that sirolimus stabilizes lung function decline and improves quality of life and functional performance in patients with LAM (6) . On the basis of these results, sirolimus is now U.S. Food and Drug Administration approved for treatment of LAM and was recommended as the first-line treatment option for qualified patients in the previous LAM guideline document (1) . However, effective therapy with sirolimus requires continuous drug exposure and is associated with potential adverse effects. Given the specter of long-term therapy, it is essential to have a firm diagnosis before initiating pharmacotherapy.
Summary of the evidence. Our systematic review identified three studies that evaluated the performance characteristics of HRCT of the chest in establishing the diagnosis of LAM in patients with diffuse cystic lung diseases (7) (8) (9) . In all three studies, HRCT of the chest from patients with various cystic lung diseases were evaluated, and a diagnosis was rendered by multiple physicians who were blinded to clinical and histopathological information. Clinicians included thoracic radiologists (7-9), pulmonologists (9), and pulmonary fellows (9) . Diseases included LAM (7-9), pulmonary Langerhans cell histiocytosis (7-9), emphysema (7-9), usual interstitial pneumonia (8), lymphoid interstitial pneumonia (8, 9) , desquamative interstitial pneumonia (8), Birt-Hogg-Dubé syndrome (9) , amyloidosis (9), hypersensitivity pneumonitis (9), nonspecific Recognize that different choices will be appropriate for individual patients and that you must help each patient arrive at a management decision consistent with his or her values and preferences. Decision aids may be useful in helping individuals to make decisions consistent with their values and preferences.
Policy makers
The recommendation can be adopted as policy in most situations.
Policy making will require substantial debate and involvement of various stakeholders.
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interstitial pneumonia (9) , lymphangiomatosis (9) , and pleuropulmonary blastoma (9) . Two studies included patients without cystic lung disease as control subjects, including normal volunteers and patients with noncystic interstitial lung diseases (7, 9) . We pooled the data from all three studies, which included 72 patients with LAM and 141 patients without LAM. Our analysis revealed that expert thoracic radiologists diagnosed LAM on the basis of HRCT review alone with a sensitivity of 87.5% and a specificity of 97.5%, indicating a false-negative rate of 12.5% and a falsepositive rate of 2.5%. Assuming that 30% of patients who present with cystic lung disease of unknown etiology have LAM (1) and that HRCT has a sensitivity and specificity for LAM of approximately 87% and 97%, respectively, then for every 1,000 patients with cystic lung disease who undergo HRCT of the chest, 261 patients will be correctly diagnosed with LAM (truepositive results) and 679 patients will be correctly determined to not have LAM (true-negative results); however, 21 patients will be incorrectly diagnosed as having LAM (false-positive results) and 39 patients will be incorrectly determined to not have LAM (false-negative results).
The guideline panel's confidence in the estimated sensitivity and specificity was low. The studies appropriately compared the HRCT to a gold standard (histopathology); however, confidence was diminished for two reasons. First, the studies enrolled neither consecutive patients nor patients with true diagnostic uncertainty (potential selection bias). Second, the results may not be generalizable to facilities that do not have access to an expert thoracic radiologist to interpret HRCT (indirectness). Supporting the importance of the latter limitation, the performance characteristics of pulmonary physicians have been shown to be inferior to thoracic radiologists in being able to diagnose LAM on the basis of HRCT review (9) . Third, the studies did not include all possible causes of cystic lung disease that could mimic LAM, such as metastatic tumors, light chain deposition disease, etc. Last, isolated cysts have been reported in otherwise asymptomatic, normal individuals and have been postulated to represent an aging manifestation rather than a true pathological disease process (10, 11) .
Benefits. The benefit of correctly diagnosing LAM on the basis of HRCT review alone is that HRCT of the chest is noninvasive. If HRCT only could be used to make the diagnosis of LAM, neither transbronchial lung biopsy nor surgical lung biopsy would be required, reducing the risk of complications and the burdens and costs of such procedures.
Harms. False-positive results may lead to missed opportunities to treat the correct disease as well as the adverse effects and costs of inappropriate treatment or management of LAM.
Conclusions and research opportunities. To recommend clinical diagnosis of LAM on the basis of characteristic HRCT findings alone, the guideline panel reasoned that the specificity must be greater than 95%. The rationale was to minimize false-positive results, because such results lead to missed opportunities to treat the correct disease as well as the adverse effects and costs of inappropriate treatment and management of LAM. The specificity of HRCT achieved the prespecified threshold; however, the panel was concerned that the specificity was misleadingly high because it was derived from referral institutions with thoracic radiologists who have expertise in interstitial lung diseases and could have been substantially lower if the studies had been conducted in different medical centers. For this reason, the guideline panel elected to suggest not making a clinical diagnosis of LAM on the basis of HRCT findings alone.
The only noninvasive diagnostic tests for LAM that have been systematically studied are HRCT alone and serum VEGF-D. Therefore, research opportunities exist to study the sensitivity and specificity of combined findings, such as a HRCT plus clinical features of TSC, angiomyolipoma, chylous effusion, or lymphangioleiomyoma.
Recommendation. For patients who have cystic changes on HRCT of the chest that are characteristic of LAM, but have no additional confirmatory features of LAM (i.e., clinical, radiologic, or serologic), we suggest NOT using the HRCT features in isolation to make a clinical diagnosis of LAM (conditional recommendation, low confidence in the estimated effects).
Remarks. In the guideline panelists' clinical practices, a clinical diagnosis of LAM is based on the combination of characteristic HRCT features plus one or more of the following: presence of TSC, angiomyolipomas, chylous effusions, lymphangioleiomyomas, or elevated serum VEGF-D greater than or equal to 800 pg/ml (Table 4) . In certain cases, such as asymptomatic patients with typical clinical presentations for LAM (i.e., young-middle aged, nonsmoking female patients without evidence of underlying connective tissue diseases or other features commonly seen in cystic lung diseases that can mimic LAM, such as emphysema or Sjögren syndrome) and mild cystic change on HRCT, it may be appropriate to base a probable diagnosis of LAM on critical review of HRCT alone (5), especially when a definitive diagnosis is not likely to change management. A second opinion regarding the diagnosis by an expert thoracic radiologist can further strengthen confidence in the diagnosis in these cases. In patients with a probable diagnosis of LAM, the guideline panelists typically monitor disease progression with serial monitoring of their pulmonary function tests. However, there was general agreement that a definite diagnosis should be established with one of the additional criteria (Table 4) before initiation of pharmacotherapy with mechanistic target of rapamycin (mTOR) inhibitors.
Values and preferences. This recommendation places a high value on avoiding missed opportunities to treat the correct disease, as well as avoiding the adverse effects and costs of inappropriate treatment of LAM. It places a lower value on the potential complications, burdens, and costs of traditional diagnostic testing.
Question 2
Should patients undergo transbronchial lung biopsy for the diagnosis of LAM if they have cystic changes that are characteristic of LAM on HRCT of the chest but have no additional confirmatory characteristics of LAM (i.e., clinical, radiologic, or serologic)?
Background. Typical features on HRCT of the chest can be highly suggestive of LAM (9) . Many experts make a diagnosis of LAM if characteristic cystic lung changes on HRCT are accompanied by the presence of tuberous sclerosis complex, angiomyolipomas, chylous effusions, lymphangioleiomyomas, or a serum VEGF-D level greater than or equal to 800 pg/ml (5, 12) . Although for some patients, such as those without symptoms and a mild cyst burden, a strategy of close monitoring only may be appropriate, obtaining diagnostic certainty is the optimal approach in those with symptoms or progressive disease before initiating treatment. Video-assisted thoracoscopic surgery (VATS)-guided AMERICAN THORACIC SOCIETY DOCUMENTS surgical lung biopsy has been considered the gold standard for obtaining histopathological confirmation of LAM; however, small retrospective series suggest that transbronchial lung biopsy can be safe and effective in a proportion of patients with suspected LAM.
Summary of the evidence. Our systematic review identified 5 case reports (13-17) and 12 case series (18-29) that described transbronchial lung biopsy for the diagnosis of LAM. We did not consider the case reports due to the high risk of publication bias (i.e., patients with successful outcomes are more likely to be submitted by clinicians as case reports). Instead, we considered only the case series to inform the guideline panel's judgments.
The largest relevant case series reported on 108 Chinese patients with LAM. The diagnosis was confirmed by lung biopsy in 97 patients, including 49 patients who had been diagnosed by transbronchial lung biopsy. The number of patients who had undergone transbronchial lung biopsy was not reported; however, the diagnostic yield would have been 50% if all patients had undergone transbronchial lung biopsy and higher if fewer had undergone transbronchial lung biopsy. The complication rate was similarly unreported (29) . Four case series provided sufficient crude data to estimate the diagnostic yield of transbronchial lung biopsy (23, 24, 28, 30) . In the largest series, two online surveys were conducted of 1,000 patients with LAM who were registered with the LAM Foundation. Among the 63 patients who underwent transbronchial lung biopsy when they were initially suspected of having LAM, 35 patients (56%) were confirmed to have LAM by the procedure. The self-reported complication rate from transbronchial biopsy was approximately 14% (6% with pneumothorax, 4% with bleeding, 2% with chest pain, and 2% with pneumonia) (30). When we pooled the results from the four case series, it was determined that 48 out of 81 patients (60%) who underwent transbronchial lung biopsy for suspected LAM were confirmed to have LAM (23, 24, 28, 30) . Of note, several series reported that the initial diagnosis rendered by the local pathologist was often nondiagnostic or incorrect and was subsequently revised to LAM when reviewed by a pathologist with expertise in LAM.
The guideline panel's judgments regarding the utility of transbronchial lung biopsy in LAM were informed primarily by small case series, which provided very low confidence in the estimated diagnostic yield and complication rate. The panel's confidence was further lowered by the fact that only a small proportion of patients in each case series underwent transbronchial lung biopsy, and most of the series did not report the criteria for patient selection for transbronchial biopsy; these limitations collectively increase the possibility of an overestimated diagnostic yield due to selection bias. The panel speculated that the diagnostic yield varies according to the burden of LAM in the lung. Finally, one of the larger series relied on patientreported results.
Benefits. Transbronchial lung biopsy appears to yield a diagnosis of LAM in greater than 50% of properly selected patients with suspected LAM. Definitive diagnosis by transbronchial lung biopsy renders invasive diagnostic testing, such as surgical lung biopsy, unnecessary.
Harms. Transbronchial lung biopsy is a minimally invasive procedure that may be associated with bleeding, pneumothorax, or adverse medication effects. The overall The diagnosis of LAM should be established using the least invasive approach (details in Figure 1 ). In some cases, such as asymptomatic patients with mild cystic change on HRCT, a probable diagnosis of LAM with serial monitoring may be sufficient, if a definite diagnosis will not change management and some level of diagnostic uncertainty is acceptable to the patient and clinician. Every effort must be made to establish a definite diagnosis of LAM before initiation of pharmacological therapy with mTOR inhibitors. *Compatible clinical history with LAM includes young to middle-aged female patients presenting with worsening dyspnea and/or pneumothorax/chylothorax and the absence of features suggestive of other cystic lung diseases. Typical clues to an alternative etiology of cystic lung disease on history include the presence of sicca symptoms or an underlying diagnosis of connective tissue disease, significant smoking history, personal/family history of non-TSC-related facial skin lesions, and/or kidney tumors. Most patients with LAM will have an obstructive defect on pulmonary function tests. Some patients, especially early in their disease course, may be asymptomatic and have normal pulmonary function tests. † Characteristic HRCT chest features of LAM include the presence of multiple, bilateral, uniform, round, thin-walled cysts present in a diffuse distribution, often with normal-appearing intervening lung parenchyma. ‡ Detailed history and physical examination to investigate for the presence of TSC is needed. The diagnosis of TSC is established based on the proposed criteria in the TSC Guidelines (65). Referral to a TSC specialist may be needed if unsure of the diagnosis.
x Angiomyolipoma may be diagnosed on the basis of radiographic appearance of characteristic fat-containing lesions either on computed tomography scan or magnetic resonance imaging. Contrast is not typically required unless the vascular characteristics of the tumor need to be analyzed, such as for evaluation of the potential for hemorrhage or the planning for embolization. Similarly, lymphangioleiomyomas can typically be diagnosed on the basis of characteristic radiographic appearance. jj LAM cell cluster refers to a spherical aggregate of LAM cells enveloped by a layer of lymphatic endothelial cells that is found in chylous effusions of patients with LAM. The diagnosis of LAM can be based on typical morphological appearance of LAM cells and positive staining for smooth muscle cell markers and HMB-45 by immunohistochemistry. Lymphatic endothelial cells surrounding the LAM cells can be highlighted by positive immunohistochemical staining for lymphatic endothelial cell markers, including D2-40 and VEGFR-3.
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risk of any complication was 14% in the largest case series that we considered (30) but is generally estimated to be approximately 2% (31, 32) , which is substantially less than the risks associated with a VATSguided surgical lung biopsy, which include a 1.5 to 4.5% mortality rate and 10 to 19% procedure-related complication rate (33) (34) (35) (36) . In theory, patients with cystic diseases such as LAM may be at greater risk of pneumothorax from transbronchial lung biopsy. However, our evidence synthesis did not support this conclusion, as the pneumothorax rate of 0 to 6% is comparable to the general population (23, 30) .
Conclusion and research opportunities.
The guideline panel weighed the estimated diagnostic yield (50%) versus the complication rate (2-14%) and cost of bronchoscopy and decided that the benefits Characteristic HRCT features of LAM include the presence of multiple, bilateral, round, well-defined, relatively uniform, thin-walled cysts in a diffuse distribution. The intervening lung parenchyma often appears normal on HRCT. Other associated features that can be seen on HRCT in some patients with LAM include the presence of: chylous pleural effusion, pneumothorax, ground-glass opacity suggestive of chylous congestion, or multiple tiny nodules characteristic of multifocal micronodular pneumocyte hyperplasia (in patients with TSC-LAM). 3 Referral to a TSC center should be considered if there is uncertainty regarding the diagnosis of TSC. Features suggestive of TSC include the presence of any of the following: subungual fibromas, facial angiofibromas, hypomelanotic macules, confetti lesions, Shagreen patches, positive family history of TSC, history of seizures or cognitive impairment, or presence of cortical dysplasias, subependymal nodules, and/or subependymal giant cell astrocytomas on brain imaging. Routine brain imaging is not indicated if clinical suspicion for TSC is low. Detailed diagnostic criteria for TSC to establish a definitive diagnosis have been published (65). The diagnosis of AML can usually be made radiographically on the basis of the presence of fat in the tumors. Routine use of contrast is not required or recommended for the diagnosis of AMLs. Contrast is useful to define the aneurysmal burden and other vascular characteristics of the tumor, such as for evaluation of the potential for hemorrhage or planning for embolization. Similarly, lymphangioleiomyomas can typically be diagnosed on the basis of characteristic radiographic appearance. 6 The sensitivity of cytological analysis of pleural fluid for the diagnosis of LAM requires further investigation and may only be available at select centers. In a majority of patients with chylous effusions, the diagnosis of LAM can be established on the basis of elevated serum VEGF-D. 7 The decision to obtain tissue confirmation via invasive means should be individualized. For some patients with mild disease and a paucity of symptoms, a probable clinical diagnosis of LAM with serial monitoring may be sufficient if a definitive diagnosis of LAM would not change management and some level of diagnostic uncertainty is acceptable to the patient and the clinician. Every attempt should be made to establish the diagnosis of LAM with certainty before initiation of pharmacologic therapy with mTOR inhibitors. 8 Transbronchial lung biopsy has an estimated yield of greater than 50% for the diagnosis of LAM, and markers of parenchymal LAM burden such as abnormal DL CO are associated with an increased diagnostic yield.
Transbronchial lung biopsy appears to be safe in LAM on the basis of case reports and small series, but additional studies are required. Consultation with an expert center is recommended in cases where transbronchial biopsy is being considered, and for interpretation of the biopsy.
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of transbronchial lung biopsy outweigh the harms in appropriately selected patients. Generally speaking, we on the guideline panel believe that the diagnosis of LAM should be established in an algorithmic approach that progresses from the least to most invasive method required to confirm the diagnosis of LAM (Table 4 and Figure 1 ).
Many questions remain unanswered. The diagnostic yield of transbronchial lung biopsy in an unselected patient population is unknown and needs to be determined, as does the relationship between disease burden and yield. The safety profile of transbronchial lung biopsy in LAM, especially pertaining to the risk of pneumothorax, needs to be better understood. The number of biopsies that provides the optimal balance between diagnostic yield and risk of complications in patients with varying severity of LAM needs to be determined. The use of endobronchial ultrasound-guided transbronchial needle aspiration for the diagnosis of LAM has not been reported but may be an attractive option in patients with LAM who have mediastinal or hilar adenopathy, if studies demonstrate a reasonable yield and safety profile. Finally, the safety and efficacy of transbronchial lung cryobiopsy needs to be better understood for patients with suspected LAM (37) .
The decision to obtain lung biopsy (transbronchial or surgical) for tissue diagnosis should be individualized for every patient. For some patients with mild disease and a paucity of symptoms, serial monitoring may be sufficient, especially if some level of diagnostic uncertainty is acceptable to the patient and clinician and a definite diagnosis is unlikely to change management. In contrast, VATS-guided surgical lung biopsy may be more appropriate for patients with a low cyst burden, given the potential for sampling error associated with transbronchial lung biopsy. Computed tomography can be used to guide lesion-targeted transbronchial lung biopsy on the basis of distribution of parenchymal abnormalities. In addition, the clinician should take into consideration that the pathological diagnosis of LAM can sometimes be made by less-invasive means, such as by demonstration of LAM cell clusters in chylous effusions (38, 39) or aspirates or core biopsies of pulmonary or extrapulmonary lymph nodes or masses (28, (40) (41) (42) . The performance characteristics and diagnostic yield of these methodologies, however, is not well established and needs to be studied. Consultation with expert LAM centers is advised to individualize the approach to diagnosis in complex patients. On occasion, re-review of archival tissues from prior procedures by expert pathologists can reveal the diagnosis of LAM and obviate the need for biopsy. Examples include lung tissue obtained from prior bleb resections for pneumothorax or uterine and adnexal tissues from prior hysterectomies. Every attempt should be made to establish the diagnosis of LAM with certainty before initiation of pharmacologic therapy with mTOR inhibitors.
Recommendation. When a definitive diagnosis is required in patients who have parenchymal cysts on HRCT that are characteristic of LAM, but no additional confirmatory features of LAM (i.e., clinical, radiologic, or serologic), we suggest a diagnostic approach that includes transbronchial lung biopsy before a surgical lung biopsy (conditional recommendation, very low confidence in the estimated effects).
Remarks. The advantage of transbronchial lung biopsy is that it offers a less-invasive method to obtain histopathological confirmation of LAM, as compared with surgical lung biopsy. Although not proven, the panelists believed that the yield of transbronchial lung biopsy likely correlates with markers of parenchymal LAM burden (such as cyst profusion, abnormal diffusing capacity of the lung for carbon monoxide [DL CO ], abnormal FEV 1 ) and that appropriate patient selection is required to optimize the safety and efficacy of this diagnostic approach. A recent study evaluating the role of transbronchial lung biopsy in 24 consecutive patients presenting to a LAM Clinic revealed a diagnostic yield of 71%, which was inversely correlated with DL CO (43) . Consultation with an expert center before undertaking transbronchial lung biopsy, combined with a critical review of the tissue specimens by a pathologist with expertise in LAM, can help avoid falsenegative test results and the need for a surgical lung biopsy.
Values and preferences. This recommendation places a high value on the risk reduction and cost savings of the lessinvasive and less-expensive approach of transbronchial lung biopsy as opposed to a VATS-guided surgical lung biopsy. It places a lower value on the desire to confirm the diagnosis with a single diagnostic test.
Question 3
Should patients with LAM undergo ipsilateral pleurodesis after an initial pneumothorax or wait for a recurrence before intervening with a pleural symphysis procedure?
Background. LAM is characterized by an increased risk of recurrent spontaneous pneumothoraces. On the basis of the high risk of recurrence in patients with LAM, an expert panel supported pleurodesis after the first episode of pneumothorax in patients with LAM (44) .
Summary of the evidence. Our systematic review did not identify any studies that compared outcomes among patients with LAM who underwent pleurodesis after an initial pneumothorax versus those who underwent pleurodesis after a recurrent pneumothorax. The panel, therefore, used seven case series that reported the incidence of pneumothoraces among patients with LAM (19, 21, 28, 29, (44) (45) (46) (47) (48) and two observational studies that also compared the incidence of recurrent pneumothorax among those who had undergone pleurodesis to those who had not (44, 46) to inform the guideline panel's judgments.
Pooling data demonstrated that pneumothorax occurred in 902 out of 1,591 (57%) patients with LAM (19, 21, 28, 29, (44) (45) (46) (47) (48) . Recurrences were common, with estimates ranging from 29 to 81%, although most estimates were around 70% (28, 29, 44, 46, 48) . Patients frequently had multiple recurrences, with estimates ranging from 3.2 to 5.0 pneumothoraces per patient in the pneumothorax-affected groups (21, 44, 45) . The observational studies found that approximately 65% of patients who were managed conservatively after their initial pneumothorax had recurrent pneumothoraces, compared with only 18 to 32% of patients who had pleurodesis (44, 46) . The rate of complications due to pleurodesis was not reported. The guideline panel had very low confidence in the estimated incidence of pneumothoraces in patients with LAM because they derived from case series and small observational studies.
With multiple recurrent pneumothoraces per patient, the cost of treatment of pneumothoraces can be substantial. In one series, the average time spent in the hospital due to pneumothoraces was approximately 1 month per patient, which was associated with substantial costs due to hospital expenses and lost productivity (44) .
Benefits. Early pleurodesis after an initial pneumothorax decreases the risk of recurrent pneumothoraces, thereby decreasing morbidity, burden, and cost.
Harms. Pleurodesis is an invasive procedure associated with pain and potential complications. Prior pleurodesis may also be weighed when considering future candidacy for lung transplant.
Conclusions and research opportunities. The guideline panel weighed the desirable consequences of performing pleurodesis after an initial pneumothorax (i.e., a roughly 30-45% lower risk of recurrent pneumothorax and overall cost savings) against the undesirable consequences (i.e., pain, potential complications, impact on candidacy of transplantation) and decided that the balance favors pleurodesis. Among the panel's considerations was the fact that the undesirable consequences of pleurodesis are merely delayed rather than avoided, because most patients will eventually suffer a recurrent pneumothorax and require pleurodesis.
There are multiple ways to perform pleurodesis, each with its own set of advantages and disadvantages. Generally speaking, pleurodesis can either be achieved by chemical instillation of a sclerosing agent via a chest tube or by surgical means using mechanical abrasion, talc poudrage, or pleurectomy. Although talc is the most common sclerosant used for pleurodesis, other agents, such as tetracycline derivatives, silver nitrate, iodopovidone, and bleomycin, have been used with varying degrees of success (49) (50) (51) . In practice, the panelists generally use mechanical abrasion with an earnest attempt to address the entire parietal pleural surface for the initial pneumothorax and reserve more aggressive approaches, such as talc poudrage and pleurectomy, for recurrent and refractory pneumothoraces. The importance of knowledge and prior experience in management of pleural disease in LAM cannot be overstated, and pleural complications in LAM are best handled by thoracic surgeons with expertise in managing patients with LAM.
The ideal method of achieving pleural symphysis in patients with LAM, one that provides the optimal balance between efficacy of preventing future recurrences and the least risk of intra-and postoperative complications during lung transplantation, is not clear. The efficacy of alternative means of achieving pleurodesis, such as total pleural covering, which may prevent adhesions and the associated surgical complications during transplant (52) , and autologous blood patch pleurodesis, which is associated with significantly less pain as compared with the traditional means of achieving pleural symphysis (53), needs to be studied in patients with LAM. In addition, a better understanding of pneumothoraces and their impact on longterm disease outcomes needs to be established. With the recognition of mTOR inhibitors as effective therapeutic agents for patients with LAM, the impact and role of mTOR inhibition on pneumothorax occurrence and recurrence needs to be assessed.
Recommendation. We suggest that patients with LAM be offered ipsilateral pleurodesis after their initial pneumothorax rather than waiting for a recurrent pneumothorax before intervening with a pleural symphysis procedure (conditional recommendation, very low confidence in the estimated effects).
Remarks. This approach is based on the high rate of recurrence of spontaneous pneumothoraces in patients with LAM. Nonetheless, the final decision to perform pleurodesis and the type of pleurodesis (chemical vs. surgical) should be based on shared decision-making between the clinician(s) and patient, after education about various management options. Lung biopsy at the time of pleurodesis for pneumothorax may be useful in selected patients who do not already have a confirmed diagnosis of LAM but can be associated with added risk (e.g., prolonged air leak and chronic bronchopleural fistula formation) (54) and should only be used when ATS/European Respiratory Society diagnostic criteria for LAM are not otherwise met and a histologic diagnosis is absolutely necessary. Every effort must be made to ensure that the pleurodesis is handled by clinicians familiar with management of pleural disease in LAM.
Values and preferences. This recommendation places a high value on reduction in the morbidity and cost associated with a recurrent pneumothorax. It places lower value on the adverse effects of pleurodesis.
Question 4
Should patients with LAM who have had a prior pleural intervention (either pleurodesis or pleurectomy) be excluded from consideration for lung transplantation?
Background. LAM typically progresses and may ultimately lead to respiratory insufficiency if it is left untreated. Lung transplantation remains the only treatment modality available for patients with end-stage lung disease due to LAM. A significant proportion of patients with LAM who present for transplant evaluation have undergone prior unilateral or bilateral pleurodesis procedures. These pleural interventions can increase the risk of bleeding complications at the time of lung transplantation, and some centers consider bilateral pleurodesis to be a relative contraindication to lung transplantation (48) .
Summary of the evidence. Our systematic review identified five observational studies that enrolled patients with LAM undergoing lung transplantation and compared outcomes among those who had previous pleurodesis or pleurectomy versus those who did not (44, (55) (56) (57) (58) . In addition, five case series were found that described outcomes of lung transplantation for LAM but did not compare outcomes among patients with and without prior pleural procedure (59) (60) (61) (62) (63) . Two of the case series were published in foreign languages and, therefore, were not considered (62, 63) .
The observational studies collectively included 182 patients with LAM who were undergoing lung transplantation. This included 31 patients (17%) who had undergone unilateral pleurodesis, 55 patients (30%) who had undergone bilateral pleurodesis, 10 patients (5%) who had undergone unilateral pleurectomy, 7 patients (4%) who had undergone bilateral pleurectomy, and 79 patients (43%) who had not undergone a previous pleural procedure. Patients who had undergone a previous pleural procedure were more likely to have intra-or postoperative hemorrhage (48% vs. 7%; relative risk, 6.46; 95% confidence interval, 2.44-17.11) (44, 56, 57) , and there was a trend toward such patients being more likely to have pleural adhesions (65% vs. 46%; relative risk, 1.42; 95% confidence interval, 0.96-2.12) (55, 56, 58) . However, there was no significant difference in the length of hospital stay (44) , lung function (58), mortality (58) , or risk of chylous effusions (58) . The guideline panel had very low confidence in these estimated outcomes, because the data were derived from small observational studies.
For general pulmonary populations, the International Society for Heart and Lung Transplantation Guideline committee recently recommended that AMERICAN THORACIC SOCIETY DOCUMENTS pleurodesis not be considered a contraindication to lung transplantation and that a pneumothorax in a potential future transplant recipient should be given the best immediate management without undue concern that the choice of intervention will influence future acceptance for transplantation (64) . The risks associated with transplantation of patients with prior bilateral pleurodesis were not directly addressed in this consensus document, however.
Benefits. Allowing patients with LAM who have had prior pleural procedures to undergo lung transplantation confers all of the potential advantages of lung transplantation in a patient with end-stage lung disease, including improved lung function and increased survival (55) .
Harms. Prior pleural procedures increase the risk of intra-and postoperative bleeding and prolong operative time, although other outcomes are the same as those seen in patients who have not had a prior pleural procedure.
Conclusion and research opportunities.
The guideline panel weighed the desirable consequences of allowing a patient to be considered for lung transplantation (i.e., hope and, for those who undergo transplant, improved lung function and increased survival) against the undesirable consequences (i.e., more likely to have intra-and postoperative bleeding) and determined that the balance favors lung transplantation.
Among the panel's considerations was the fact that the undesirable consequences are generally short term and rarely fatal, whereas the potential benefits are longer lasting and life-saving.
An unanswered question regarding lung transplantation in LAM is the difference in outcomes after a bilateral lung transplant compared with a single lung transplant. This is especially important, because if there is no difference in outcomes after a single lung transplant, then some patients with prior unilateral pleurodesis may electively undergo single lung transplantation on the contralateral side and potentially avoid the bleeding complications associated with the transplant.
Recommendations. We suggest that previous unilateral or bilateral pleural procedures (i.e., pleurodesis or pleurectomy) NOT be considered a contraindication to lung transplantation in patients with LAM (conditional recommendation, very low confidence in the estimated effects).
Remarks. Lung transplantation surgery in patients with a history of prior pleurodesis can be challenging. Patients who have undergone prior pleural procedures should be referred to a lung transplant team with expertise in handling complex pleural dissections.
Values and preferences. This recommendation places a high value on the later benefits of lung transplantation and a lower value on surgical complications.
Conclusions
The guideline panel used comprehensive evidence syntheses to inform its judgments regarding the balance of benefits versus burdens, adverse effects, and costs; the quality of evidence; the feasibility; and the acceptability of various interventions. For women who have cystic changes on HRCT of the chest characteristic of LAM, but who have no additional confirmatory features of LAM (i.e., clinical, radiologic, or serologic), the guideline panel made conditional recommendations against making a clinical diagnosis of LAM on the basis of the HRCT findings alone and for considering transbronchial lung biopsy as a diagnostic tool. The guideline panel also made conditional recommendations for offering pleurodesis after an initial pneumothorax rather than waiting for a recurrent pneumothorax and against pleurodesis being used as a reason to exclude patients from lung transplantation. Clinicians faced with making management decisions for patients with LAM should individualize their decisions, because the evidence base provided insufficient confidence in the estimated effects to warrant strong recommendations for or against any intervention. n 
